In two previous papers it was shown (3, 4) that the mineral nutrition of tobacco plants had a marked effect on their susceptibility to primary infection with a yellow strain of tobacco-mosaic virus. In the present paper the influence of host nutrition on systemic infection of this same virus in infected tobacco plants will be discussed.
In two previous papers it was shown (3, 4) that the mineral nutrition of tobacco plants had a marked effect on their susceptibility to primary infection with a yellow strain of tobacco-mosaic virus. In the present paper the influence of host nutrition on systemic infection of this same virus in infected tobacco plants will be discussed.
Several workers have studied the movement of virus in plants, but little attention has been given to the influence which host nutrition may have on systemic spread of virus. BONING (1) , in 1928, published the results of an experiment dealing with the effect of nitrogen nutrition on mosaic-virus spread in tobacco. The tip of the largest leaf on each plant was inoculated. With actively growing plants an average of 3 days was required for the virus to pass 13 cm. from the tip of the leaf to the stem. With slow-growing, nitrogen-deficient plants an average of at least 6 days was necessary for the virus to pass from a leaf 12 cm. long. B6NING concluded that the rapidity of virus-spread from an inoculated leaf was greatly decreased by nitrogen deficiency. VOLK (5) studied the effect of potassium, phosphorus, and nitrogen on the spread of streak in tomato plants grown in nutrient sand cultures, and inoculated just prior to fruiting. He concluded that the spread of streak disease was most rapid and the effect of the disease most severe in plants fertilized with an ample supply of potassium and phosphorus or in plants deficient in nitrogen.
Experimentation MATERIALS AND METHODS
Turkish tobacco (Nicotiana tabacum L.) was used as the experimental host. Seeds were germinated in quartz sand and kept moist with a dilute nutrient solution. When the seedlings had reached a height of about 2 cm. and had developed 3 or 4 small leaves, plants were selected for uniformity of size and potted in 4-inch porous clay pots filled with washed, quartz sand. The pots were then placed in saucers on a greenhouse bench and were spaced so as to avoid undue crowding of foliage. During the course of the experiments the greenhouse temperature was held between 700 and 800 F. during the day and between 700 and 750 F. at night. The greenhouse was fumigated with nicotine at weekly intervals to prevent accidental inoculation by insect vectors.
Nutrient treatments were usually started 3 days after the seedlings had been potted. Each seedling received 100 cc. of nutrient solution 3 times each In each experiment the nutrient treatment was as follows: The seedings were divided into 7 groups. One group received the "medium" solution throughout the time of nutrient application. During the first week of nutrient treatment, 1 of the 6 remaining groups received the "high" solution and 5 received the "minus" solution. At the end of each week one group of seedlings was transferred from the "minus" to the "high" solution. Thus, at the time of inoculation, 4 weeks after the initial nutrient treatment, one group had received the "high" solution for 1 week, a second group for 2 weeks, a third group for 3 weeks, and a fourth group for 4 weeks. This arrangement left 2 groups on the "minus" solution, but at the time of inoculation 1 of these 2 groups was transferred to the "high" solution. All groups received their respective nutrient solutions for 1 week following inoculation and then were watered whenever necessary with tap water until the experiment was terminated. At time of inoculation, the green weight and height of representative plants in each group were determined in order to obtain criteria of comparative growth.
The virus used was a yellow strain of tobacco-mosaic virus, formerly designated by JOHNSON (2) as tobacco virus 6. Representative plants in each treatment were inoculated by rubbing the tip portion of a leaf situated about half-way up the stem with undiluted juice from a diseased tobacco plant. All plants inoculated showed many yellow primary lesions on the inoculated leaves, but no attempt was made to count them. Following inoculation, the time required for the virus to reach and produce symptoms on leaves at the top of the plant was noted. When systemic infection appeared shortly after inoculation, the first symptom was a clearing of veins. When systemic infection appeared only after many days, the first symptoms were yellow lesions with indistinct, irregular margins. This stage was followed by clearing of veins. from the potassium series. The retardation in growth resulting from the addition of the high-potassium solution for 3 or 4 weeks was slightly more than that brought about by the addition of the potassium-deficient solution.
The potassium-deficient plants showed symptoms of potassium deficiency in their lowermost leaves, whereas the high-potassium plants showed no signs of injury except the retardation in growth. All of the inoculated plants showed symptoms of systemic infection within 30 days. In plants grown with the potassium-deficient solution, symptoms of systemic infection appeared within an average of 10 days. The addition of high potassium at time of inoculation further shortened the average time required for the appearance of systemic infection by about 1 day. When high potassium was added 1 week prior to inoculation, symptoms appeared within about 15 days after inoculation. When the high-potassium solution was added for 2 or more weeks before inoculation, symptoms appeared within 18 or 20 days. It is apparent that medium or high amounts of potassium retarded the development of symptoms of systemic infection. Discussion The experimental data indicate that the rapidity with which symptoms of systemic infection develop is not governed primarily by the distance the virus must travel to reach the growing tip. The high-nitrogen plants were much larger than the nitrogen-deficient plants, yet systemic infection appeared in both groups at about the same time. Furthermore, the plants which had received high potassium were about four-fifths the size of those which had received no potassium, yet systemic infection appeared 9 days later in the high-potassium plants than it did in the potassium-deficient plants.
In all tests, symptoms of systemic infection appeared earlier in plants deficient in nitro(ren, phosphorus, or potassium than in plants supplied with the element in question. This difference in the time required for the appearance of systemic infection was most noticeable in the phosphorus and potassium experiments. This variation in time reaction may be due to a physiological process which is probably similar in plants deficient in nitrogen, phosphorus, or potassium. In plants deficient in any of these 3 elements, the element in question is translocated from older mature leaves up to the growing tip. When mature leaves of deficient plants are inoculated, the virus may be translocated from these leaves by this re-utilization process faster than it might be translocated from leaves of a similar aae on normal plants. The more rapid development of symptoms of systemic infection brought about by the addition, at time of inoculation, of the element previously deficient does not invalidate this explanation. Several days may elapse before the plant resumes normal growth. Meanwhile, translocation from the mature leaves may still be taking place.
There are several factors which must be considered in an attempt to explain the differences in the time required for the development of symptoms of systemic infection in plants receiving various nutrient solutions. Of these factors, the following are the most important: susceptibility of the inoculated leaf, incubation period of the virus, rate of virus multiplication, rate of movement from the inoculated leaf, rate of movement in the stem, and susceptibility of tissue in the tip. In re(gard to the first factor, it has previously been shown (3, 4) Plants that had received no phosphorus showed symptoms of systemic infection earlier than plants that had received excess phosphorus for 1 week prior to time of inoculation, and these in turn showed symptoms earlier than plants that had received excess phosphorus for 2, 3, or 4 weeks prior to inoculation. The growth made by the plants was directly correlated with the duration of the excess-phosphorus treatment.
The time of appearance of systemic symptoms was also directly correlated with the duration of the treatment with excess potassium. However, in contrast to the findings in the phosphorus study, the high-potassium treatment retarded growth more than the potassium-deficient treatment.
It is concluded that the systemic development of the disease was accelerated by high-nitrogen nutrition and retarded by either high-phosphorus or high-potassium nutrition. The rapidity with which symptoms of systemic infection developed showed no apparent correlation with the distance the virus had to travel to reach the growing tip.
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